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Impulse flashover at 1,000 
kV on a porcelain pillar in- 
sulator. The Asea High- 
voltage Laboratory, Ludvika. 
(F 514. Photo Gullers) 


Short-circuit power 600 MVA at 20 kV 


Standardised units for premises with normal 
height to ceiling 


Small dimensions 
Height 2,400 mm (94 in.) Lo ip 
Width 1,250 mm (49 in.) ofl 
Depth 1,550 mm (61 in.) 


Each cubicle forms a fully enclosed unit 
Interchangeable circuit-breaker trucks 


Further information will be gladly sent on 
request. 
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HE MAINS-FREQUENCY INDUCTION HEATING OF 


IGHT-ALLOY BILLETS 


gve Sundberg, Furnace Department, Vdsterds 


e theoretical background to the induction heating of 
ht-alloy billets and of the temperature conditions in 
> billets is given. Further, the design of the induction 
ater and the electrical plant, the regulation of the 
nperature and certain problems connected with oper- 
on are dealt with. Finally, an actual 2300 kW, 
c/s induction heating installation is described. 


iring recent years, the use of induction heaters for 
ht-alloy billets has increased rapidly. They are mainly 
ed in conjunction with the extrusion of profiles and 
bes, but can also be used in connection with rolling, 
c. The reasons for the popularity of the induction 
aters are many: 


More exact temperature control can be achieved 
‘than when using other types of heating. 

The heating temperature can rapidly and easily be 
reset for the various values desired for the different 
alloys. This is important since the series of billets of 
one and the same alloy are often short. 

Heating is rapid and the heater requires very little 
space. 

Because of the rapidity of heating, the actual work 
of deformation when extruding is less than would 
be the case with longer heating times. 
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) Heater with work-piece, seen from the side 
) Diagram of the magnetic flux 
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) The heater seen from above with the directions of cur- 


rent flow indicated 


ig. 1. Axial-field heater. 
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5. Induction heaters can easily be combined with auto- 
matic feeding devices for the billets, thus reducing 
the need for personnel. 

6. The induction heaters are ready to start heating 
operations immediately after they are switched on. 
Thus, no running-up time is required. 


THE THEORY IN BRIEF 


The theory of induction heating has been described 
previously [1-2]. Only those aspects of the theory 
which have a direct bearing on the problem in question 
have been included below. 


When induction heating is to be carried out, the work- 
piece which is to be heated is placed in a coil which is 
energised by an alternating current. This induces in the 
work-piece what are known as eddy currents, which, 
because of the resistance in the work-piece, cause heat- 
ing. Figs. 1 and 2 show the more usual types of heater. 


The eddy currents flow primarily at the surface of the 
work-piece and the current density falls off towards the 
centre, largely in accordance with the equation 
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a and b) Simple form of heater 
c) Heater with coil ends bent upwards 


Fig. 2. Cross-field heater. 
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Relative current density 


| 


Depth of penetration 


Fig. 3. The current density as a function of the distance x 
from the surface. 


where 


J =current density, A/cm? 

Jo =current density at surface, A/cm2 

f =frequency, c/s 

© resistivity of the work-piece, Qmm?/m (=0.0272 
for pure aluminium at 20°C) 

r=relative permeability of the work-piece, (=1 for 
non-magnetic objects) 

x =distance from the surface, cm 


Thus, the current density falls off exponentially with 
the distance from the surface, see Fig. 3. For x=I1/x, 
the equation gives 


J =Jo/e=0.368 Jo 


At that depth, the current density has dropped 36.8 
per cent. It can easily be shown that the main part both 
of the current (63.2%) and of the power (86.5 %) is 
contained in the surface layer with the thickness 1/«. 
Therefore, 1/x is known as the depth of penetration. 


For pure aluminium, at normal mains frequency (50 c/s) 
the depth of penetration will be 


at 20 C (o—0.0272 Qmm?2/m) 1/x=1.18 cm 
at 500°C (e=0.0816 Qmm?/m) 1/x=2.04 cm 


Aluminium alloy has greater resistivity and thus has a 
greater depth of penetration than pure aluminium at a 
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given temperature. An alloy with a resistivity twi 
great as that of pure aluminium will have a dep 
penetration which is |2 times as great. 


It will readily be seen from Fig. 3 that there is a | 
limit to the thickness of the billets which can be he 
If a slab with a thickness b is imagined with the cu: 
going forward along the one side of the slab wit 
depth of penetration of 1/« and, further, as is ust 
the case, with the current going back along the o 
side of the slab with the same depth of penetra 
then it will be seen that the two zones of penetra’ 
along the sides of the slab must not encroach upon 
other. If they did so, the currents would cancel 
other out so that no heat would be developed. It is th 
fore vital that the depth of penetration 1/« shoul 
less than half the width of the slab b/2, that is to s; 
xb>2. In spite of this, there will be a certain am 

of heating, even though this condition is not fulfi 
but at the price of reduced efficiency. The practi 


lower limit can be said to be ab=1.5. . 


For cylindrical work-pieces, the argument is, in princip 
the same. By derivation, x«d>2)2, where d—the d 
meter in cm. This means that the efficiency is appro 
mately the same as for slabs for which ab=1.5. 


It will thus be found that the minimum dimensi 
which can be heated at mains frequency (50 c/s) « 
ficiently is: 


Aluminium: Slabs with a thickness of 3.1 cm (1.2 # 


and cylindrical work-pieces with a diameter of 5.7 ¢ 
(2:2 in): 


Aluminium alloy with a resistivity twice as great as th 
of pure aluminium: Slabs with a thickness of 4.3 ¢ 


(1.7 in.) and cylindrical work-pieces with a diamet 
of 8 cm (3.2 in.). 


TEMPERATURE CONDITIONS 


It has been mentioned above that the main part of tl 
power is developed within a surface layer having tl 
thickness 1/x. The heat is transmitted by conductic 
from the surface layer in towards the centre. All the tin 
heating is going on and heat is being conducted from tl 
surface layer in towards the centre, the surface layer h 
the higher temperature. The difference in temperatu: 
will be the greater the more rapidly the billet is heat. 
and the greater its dimensions. If it is assumed that th 
power is developed within a surface layer having 
negligible thickness, provided that the time of heatir 
is long in relation to the time constant T mentioned b 
low, then the following formulae for the difference : 
temperature apply! 


' According to an investigation carried out at Asea by Dr Ludwig Dreyf 
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=the temperature at the surface of the billet, °C 

=the temperature at the centre of the billet, °C 

=mean temperature, °C 

=specific surface power, W/cm? 

=thickness of billet, cm 

=diameter of billet, cm 

=heat conductivity, W/cm degree (=2.18 for pure 
aluminium at 18°C) 


ese differences in temperature are equalised in ac- 
‘dance with the formulae 


8) }:—=(9—9o Jo: et? 
In): = (9p h-o + 77 


lere 
-time, s Bi i 
=time constant, s (for slabs, T= —,-=, and 
mum Ad 
indrical billets, T Spl 
- cylindrical billets, T= 3.832241 


=specific heat, Ws/cm? degree (=2.40 for pure alu- 
minium at 20- 100°C) 


the case of billets having smaller dimensions, for 
jich the depth of penetration is not negligible, the 
ferences in temperature are in fact less than those 
culated in accordance with the above formulae. 


fferences in temperature along the length of the billet 
ise, for example, if a billet is placed in an unsuitable 
shion in relation to the furnace coil. If the temperature 
the one end of the billet is higher than at the other 
d, the temperature is equalised by the time constant 


here 


-the length of the billet, cm 


JE DESIGN OF THE INDUCTION HEATER 


1e induction coil is made of pure copper in the shape 
a tube through which cooling water flows with the 
ject of removing the heat losses. The thickness of the 
be on the side which faces the heating chamber should 
as great as the depth of penetration of the current 
copper at 50 c/s, that is to say, about 10 mm. If the 
ickness is less, the heat losses will be greater. 
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It is appropriate to provide the coil with laminated iron 
cores which have the fourfold object of: 


1. Improving the efficiency of the heater. 

2. Assuring the greatest possible evenness of tempera- 
ture distribution along the length of the billet. 

3. Preventing the magnetic flux from taking unsuitable 
routes and causing injurious heating of the structural 
parts, etc. 

4. Assisting in the bracing of the coil, which is particu- 
larly important in the case of induction heaters for 
50 c/s, because of the large currents which are used 
for these. 


The coils can be designed with room for a single billet 
or for a number of billets which are pushed through the 
heater in a series of steps. In the former case, the coil 
must be provided with terminals so that it can be suited 
to the length of billet in question, which generally varies 
within wide limits. This is necessary partly in order to 
prevent the variations in temperature in the longitudinal 
direction from becoming too great, and partly to ensure 
acceptable efficiency. Because of this, it is also generally 
necessary that a heater with room for a single billet only 
should be of single-phase design. 


A great advantage of the single-phase, single-billet heater 
is that an even distribution of temperature can be ob- 
tained along the length of the billet. If desired, it is also 
possible to arrange for a gradually falling temperature 
from the one end of the billet towards the other end. 
This may be desirable from the point of view of ex- 
truding. Another advantage of this heater is that starting 
is rapid and simple. 


A disadvantage of the single-billet heater is that pro- 
duction per unit is limited, since the time of heating 
must not be too short in order to avoid excessive tem- 
perature variations as between the surface and the centre 
of the billets. Further, its efficiency is lower than that 
of a multi-billet heater, since the two ends of the coil 
must project beyond the ends of the billet. Finally, the 
feeding devices are relatively more expensive. 


The greatest advantage of the multi-billet heater is that 
it can be of three-phase design. Further, it can be made 
for a high rate of production, and the length of billet 
can be allowed to vary without the coil length having 


to be changed. 


A disadvantage of the three-phase, multi-billet heater 
is that it is not possible to avoid uneven temperatures 
in the billets along their length because of the variations 
in the magnetic field at the phase intervals. Further, 
there are certain difficulties when operating with varying 
speeds of feed, since periodical variations can easily 
occur in its rhythm (this phenomenon is described be- 
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a) Single-phase heater 


with single-phase circuit 

circuit 
1. Induction heater 3. Parallel capacitor 6. Single-phase/three-phase 
2. Induction-heater trans- 4. Main contactor 

former 5. Isolator 


Fig. 4. Various circuit diagrams for induction-heating instal- 
lations for light-alloy billets. 


low under the heading “Operation’’). In addition, start- 
ing is less convenient than in the case of the single-billet 
heater. 


THE DESIGN OF THE ELECTRICAL INSTAL- 
LATION 


The induction heater consumes, in addition to the active 
power, a reactive power which is normally 3 to 3.3 times 
as great as the active power. Generally, the power sup- 
plier prescribes a limitation of the reactive power con- 
sumption in relation to the active power consumption. 
The reactive power of the heater must therefore be 
compensated by means of a parallel capacitor. This com- 
pensation also reduces the amount of current taken from 
the feeding network so that cables, connection apparatus, 
etc., can be made on a smaller scale than would have 
been the case without compensation. 


Usually, the heater has to be connected to the power- 
supply network via a transformer, partly because, for 
practical reasons, the heater is generally designed for a 
lower voltage than that of the supply network, and 
partly because it is desirable to have the possibility of 
varying the induction-heater voltage, and with it, the 
circuit. 


The elementary diagrams of these installations normally 
have an appearance as shown in Fig. 4a, b or c. For 
technical reasons, a transformer with regulation on the 
high-voltage side should preferably not be designed for a 
greater variation in the low voltage than + 20 per cent. 
If a greater degree of variation is required, such as is the 
case, for example, with a heater in accordance with 
Fig. 4a with many coil tappings, a transformer for coarse 


b) Three-phase heater with three-phase 


conversion equipment 


c) Single-phase heater with three-phe 
circuit via single-phase/three-phase 
conversion equipment 


regulation must be placed before the transformer for tl 
induction heater. 


In the case of a three-phase heater as shown in Fig. 4 
the smallest temperature irregularities at the phase inte 
vals, and maximum efficiency, are obtained if the co: 
are so connected that the difference between the 
fluxes is 60°. The figure shows a circuit of this kin 
Special connections and other devices can be used © 
reduce the irregularity in temperature still further. 


In certain cases, it is advantageous if the voltage of tl 
three coils can be regulated individually. This is e 
plained in greater detail below. 


Fig. 4c shows how it is possible, with the aid of singl 
phase/three-phase conversion equipment to connect 
single-phase heater to a three-phase system [see As 
Journal 30(1957):1-2, p. 9]. If the load is fully cor 
pensated, the three-phase network will be symmetrical 
loaded if 


where 


Q, =the reactive power of the reactor of the conversi« 
equipment 

Qc=the reactive power of the capacitor of the co 
version equipment 

P =the active power of the load 


When using conversion equipment, the reactance of t 
load should be fully compensated. If the load is incor 
pletely compensated, the conversion equipment ten 
to make the load on the three-phase network even mo 
uncompensated. 


The reactive power consumption of the heater var’ 
for the varying ratios of the transformer, and for t 
various sizes of the heated billets. Thus, the reacti 


A. Coil 


B. Laminated core 


C. Pusher 


5. Billets 
3 D. Thermo-couple 


g. 5. The principle of the arrangement of a multi-billet 
ater (feeding at the left). 


»wer of the parallel capacitor may have to be varied. 
his is marked in Fig. 4c as a capacitor group which 
nm either be connected in or disconnected. Further, 
hen the load is changed, it is also necessary to vary the 
pacitor and reactor of the conversion equipment in 
‘der to obtain correct symmetry. 


-common feature of all such heating installations is 
lat they contain a contactor, with the aid of which the 
ywer is switched on and off. The most usual arrange- 
ent is for the contactor to be operated automatically 


g. 6. Over-all view of the induction-heater installation for 
ie heating of light-alloy billets supplied to AB W. Dan 
argman at Sédertdlje, near Stockholm. (53379. Photo AB 
’. Dan Bergman) 
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in conjunction with the insertion and removal of the 
billets. Further, the contactor is usually automatically 
operated by means of the temperature regulator of the 
furnace, as will be described below. 


When current flows through the heater coil, considerable 
mechanical forces arise in the ingots which are being 
heated. Therefore, they must be held in position during 
heating. When billets are fed in and out, the power 
must be switched off. 


TEMPERATURE REGULATION 


The presses or rolling mills which the heater serves sel- 
dom work in a definite rhythm. Therefore, it is not 
usually possible to arrange the heater for feeding billets 
at definite intervals of time, which would be the simplest 
method. It is more advantageous to design the heater so 
that a billet at the correct temperature can be taken out 
at the moment when it is needed. 


This method of operation requires automatic tempera- 
ture regulation. For this purpose, a thermo-couple with 
two separate pointed conductors of chromel and alumel 
which are pressed against the end of the foremost billet 
are used. During heating, a voltage arises in the thermo- 
couple which actuates the temperature regulator. This 
regulator operates the main contactor which is auto- 
matically switched off when the set temperature is 
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Fig. 7. Connection plug for adapting the length of the coil 
to the various lengths of billet. (51469) 


reached. After tripping, the temperature of the billet 
falls fairly slowly. When a lower limit is reached, the 
temperature regulator gives an impulse, thus causing the 
main contactor to close. The temperature then rises 
again to the set value, whereupon the procedure is 
repeated until the billet is taken out. Naturally, the main 
contactor has to function less often if a broad range of 


Fig. 8. The induction-heater transformer, the transformer for 
coarse regulation and the parallel capacitor are housed in a 
special transformer room. (53377. Photo AB W. Dan Berg- 
man ) 
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temperature regulation can be accepted than if a narro 
one is required. 


In order to ensure that the main contactor operates < 
seldom as possible, the thermo-couple should sense ; 
temperature at a spot on the billet where the temperé 
ture during heating is as close as possible to the mea 
temperature which obtains throughout the entire cros: 
section of the billet after the power has been switche 
off. In an actual case, with suitable locating of th 
thermo-couple, the main contactor was switched 0 
approximately once per minute when maintaining th 
heat in a solid billet with the diameter of 15 cm, whe 


the temperature alternated between 500° and 505°C 


OPERATION 


In both the single-billet, and the multi-billet, heaters 
the circuit should be set as low as possible, so that th 
foremost billet reaches full temperature immediately be 
fore it would normally be required. By this means, un 
necessarily large power peaks on the network are avoid 
ed, and there is less wear on the main contactor sine 
the periods of heat retaining are short. 


In the case of the multi-billet heaters, the problem arise 
that the furnace tends to take on an uneven rhythr 
which is difficult to stop. This can be explained in th 
following way. 


Let us assume that there is a heater with four billets fe 
into it as shown in Fig. 5 and with the power equall 
distributed over the length of the heater. If the billet 
are fed forward at a certain rhythm, the temperature i 
them in turn, reckoned from the input side, immediatel 
before the feeding moment will be #/4, 3/2, 30/4 an 
&® (where #=the total temperature rise in the furnace] 


If the discharging of the billets stops, for example be 
cause of a fault in the press, and the heater has to ru: 
for a long time merely retaining the heat, the tempera 
ture on all the four billets in the furnace will approac 
that of the foremost billet. This latter, which because ¢ 
its high temperature has the highest heat losses, deter 
mines the magnitude of the energy which is-to be fe 
into all the billets during the heat-retaining period. 


If discharging then continues, only small quantities c¢ 
energy will be required for those billets which were i 
the heater throughout the period of heat retaining. Th 
consequence is that the new billets which are fed int 
the heater do not have sufficient energy fed into ther 
and cannot reach the temperature they ought to hav 
in the various positions. When billet No. 5 becomes th 
foremost one in the heater, a higher quantity of energ 
than normal is required for that particular billet to reac 
its correct final temperature. This in its turn means th: 
billets Nos. 6, 7 and 8 take on a higher temperature tha 
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g. 9. Each main contactor is built into its own switchgear 
bicle for 6,300 V. (53378. Photo AB W. Dan Bergman) 


ey normally ought to have in their positions, etc. Thus, 
will be necessary to wait longer than normal for 
Ilets Nos. 5, 9, 13 etc. 


ne way of damping these fluctuations in the rhythm 
to provide the heater with gradually increasing power 
om the feed end towards the discharge end. This can 
sily be arranged in the case of a three-phase heater 
shown in Fig. 4b, if the three transformers are indi- 
dually regulable. It should however be remembered 
at, in particular, long ingots will in that case be hotter 
the forward end than at the rear end, and, in addition, 
e load on the three-phase network will be unsym- 
etrical (at least if the individual coils are all of the 
me length). Another way of avoiding these oscillations 
to divide up the heater along its length into inde- 
ndent regulating zones. In this case, too, the load on 
e three-phase network will, at least part of the time, 
- unsymmetrical. 


1e most suitable way of starting a multi-billet heater 
to fill it first with billets and then to switch on the 
wer and start feeding into the heater, at the normal 
eed. All the billets fed into the heater at the beginning, 
cept the last one, will then be insufficiently heated 
d must be put aside after they are discharged. After 
is, the heater works normally. 


would not be good to start the heater by filling it with 
e billet at a time at a constant interval of time. The 
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first billets would then be insufficiently heated, since the 
impedance of the coil is greater when the heater is not 
full than when there are billets along the entire length 
of the heater, and thus the current is less if the voltage 
is constant. The heater would thus be subjected to the 
uneven rhythm which has been described above. 


INDUCTION-HEATING INSTALLATION FOR 
2300 kW, 50 c/s 


Asea have recently supplied to AB W. Dan Bergman at 
Sédertalje, south of Stockholm, an installation for heat- 
ing light-alloy billets with the following dimensions: 


Diameter 150 mm (59 in.), length 235 - 700 mm 
(92 -275 in.) 
Diameter 125 mm (49 in.), length 235 - 475 mm 
(92-185 in.) 


The heating temperature can be set over the range 
450 — 530°C and production is 50 billets per hour. 


Heaters 


The installation consists of two single-phase heaters, 
each intended for the heating of one billet at a time. 
The appearance of the heaters can be seen from Fig. 6. 
The billets are placed in a sloping magazine and are fed 
into the heater with the aid of a compressed-air-operated 
pusher. Mounted in this is a thermo-couple of chromel 
and alumel. Thus, the temperature is measured at the 
rear end of the billet. 


At the forward end of the heater, there is a stop which 
can be moved in and out, which determines the position 
of the billet in the heater during heating. The stop can 
be set so that the position of the billet can be adjusted 
in relation to the inductor coil. This latter is wound 
more tightly at the forward end than at the rear end, 
so that the billet is given a temperature which is about 
30°C higher at the forward end than at the rear end. 
The length of the inductor coil can easily and rapidly 
be adjusted for various lengths of billet with the aid 
of a connection plug, see Fig. 7. 


The inductor coil is water-cooled. It is divided up into 
a number of cooling circuits for which the quantity of 
water can be set individually by means of a tap. In ad- 
dition, each circuit is provided with a thermometer and 
a flow indicator. 


The electrical installation 


The elementary diagram for the heater is similar to the 
one shown in Fig. 4a. The heaters are connected to the 
three-phase network in a V-connection. Each trans- 
former is oil-insulated, self-cooled and designed for 
1,100 - 730 kVA; the secondary voltage is regulable in 
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Fig. 10. The control desk is common to the two heaters 
and contains, amongst other things, pushbuttons for switch- 
ing the power on and off and for feeding and discharging the 
billets. (53380. Photo AB W. Dan Bergman) 


several steps. Before the transformer there is an oil- 
insulated, auto-connected transformer for coarse regu- 
lation. By this means, the secondary voltage is regulable 
within a large range and it is possible to vary the input 
to the heater in small steps down to low values. 


Between the induction-heater transformer and the trans- 
former for coarse regulation there is a parallel capacitor 
which consists of self-cooled units of Asea type CTD 2. 
The above-mentioned parts of the installation and the 
necessary instrument-transformers are built into a sepa- 
rate transformer room, see Fig. 8. The induction-heater 
current is transmitted from the furnace transformer to 
the heater by means of copper bars. The two main con- 


tactors of the installation (of Asea type 
air-type contactors provided with d.c. maj 
operation, so that long life may be expected. Each coi 
tactor is mounted in a switchgear cubicle for 6,300 
see Fig. 9. 


Further, each of the two parts of the installation co 
tains its own control cabinet with the necessary inst 
ments and protective relays, and there is a comme 
control desk. The appearance of the latter can be see 
from Fig. 10. It contains pushbuttons for the switchir 
on and off of the power and for the feeding in and di: 
charging of the billets. Further, there are temperatu 
regulators for the two heaters and signal stations for th 
indication of any possible faults in the installation. © 


Experience in service 


The installation described above has proved to be ve 
flexible. It can easily be reset for various billet dime 
sions, heating temperatures and power values. The pres 
operator can fetch a hot billet as soon as the press : 
ready for a new operation. If the press breaks dow1 
the billet remains in the furnace and is kept hot at 
set temperature with very satisfactory accuracy (+5°C_ 


i 
2 


There are no problems connected with starting up ¢ 
with rhythmic oscillations of the type previously de 
scribed here. : ; 


The specific consumption of energy for heating frot 
20°C to 500°C has been measured for several dimer 
sions of billet, and the following values were then ol 


tained: 
Dimension Specific consumption of energy 
mm kWh/tons 
es ers Length Aluminium Aluminium alloy 
150 0 700 315 a 320 300 a 305 
150 0 395 335 a 340 
150 86 396 335 
125 0) 550 360 
125 0 392 370 
125 0 260 445 
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ILECTRONIC AIDS FOR HIGH-VOLTAGE TESTS 


ennart Faxd, High-voltage Laboratory, Ludvika 


fuch time and trouble can be saved during high-voltage 
sts by the increased use of electronic aids. These en- 
ire both greater efficiency and more reliable test re- 
Its. The article describes a number of typical aids of 
tis kind which were developed at the High-voltage 
aboratory at Ludvika. 


ligh-voltage tests require expensive equipment and con- 
derable space. It is therefore essential that the premises 
there testing is to be carried out should be utilised as 
ffectively as possible in order to keep the cost per test 
own. Operations which cause fatigue and waste time 
10uld, if possible, be avoided. Settings and readings 
10uld be as few and as simple as possible in order to 
icilitate checking and to prevent errors. The time re- 
uired for maintenance should be reduced to a minimum 
y ensuring a high degree of operational reliability and 
asy replacement of defective parts. Naturally, at the 
ame time, the demands on the accuracy of measure- 
1ent should be completely satisfied. 


.s far as the measuring equipment is concerned, these 
quirements can be fulfilled by the increased use of 
lectronic measuring instruments. Thus, during alter- 
ating voltage tests, the sphere gap can, with advantage, 
e replaced by a peak voltmeter. The voltage divider 
=quired could suitably be a capacitive one, and could 
ossibly be formed by means of a tapping on the capa- 
itor bushing of the high-voltage transformer. It is pos- 
ble to locate the instrument very conveniently for read- 
wg and measurement-range selection by, for example, 
1ounting it flush in a test-control desk. 


the curve shape of the voltage can easily be checked 
y means of a curve-shape indicator. This is a small 
scilloscope provided with automatic amplitude control 
) that the height of the picture is constant, irrespective 


ig. 1. Peak voltmeter for alternating voltage. (Fr711) 
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of the amplitude of the measuring voltage. It can suit- 
ably be connected up in parallel with the peak voltmeter 
to the same capacitive voltage divider. 


The most important instrument required during impulse 
tests is the cathode-ray oscillograph, which is normally 
used both for the indication of faults and for checking 
the impulse shape. Consequently, considerable demands 
are made both on the accuracy of measurement and 
freedom from interference as well as on ease of oper- 
ation and reliability in service. 


The setting up of the test circuit by taking oscillograms 
of the test impulses, and then interpreting the oscillo- 
grams, is a lengthy procedure. There are two better 
methods of doing this, each of which supplements the 
other to some extent. In the one method, the impulse 
generator and the impulse-forming elements are discon- 
nected and replaced by an impulse setting device which 
gives off repeated impulses, the shape of which can be 
set, at a low voltage. The impulses are adjusted to the 
desired shape with the aid of a calibrated oscillograph, 
whereupon the set values are read off and corresponding 
impedances connected to the main impulse circuit. This 
device has also proved to be valuable in those trans- 
former tests in which the impulse impedance has to be 
increased by leaving the low-voltage winding open or 
closing it via a resistor. In these cases, it is then a simple 
matter to check that the impulse stresses are not too 
great for this winding. 


The other method is to measure the characteristic times 
of the impulses by means of an electronic time-measuring 
device with direct indication. In the simpler cases, this 
probably provides the most rapid means of setting. 


It should be pointed out that, in order to achieve a cor- 
rect measuring result, all the above instruments are de- 
pendent on the complete adequacy of the voltage di- 


b) Electronic variant 


Fig. 2. Peak voltmeter for alternating voltage in the form 
of a unit of plug-in type for mounting on a panel (the 
power supply unit not shown). (52287) 


viders or shunts. In the case of impulse tests in particu- 
lar, it is also necessary to pay due attention to the design 
of the measuring circuit in its entirity. These questions 
have been dealt with in a previous article by Hyltén- 
Cavallius [1]. 


PEAK VOLTMETER FOR ALTERNATING 
VOLTAGE 


The conventional basic type of peak voltmeter (Fig. la) 
has certain disadvantages which make it unsuitable for 
use as a high-voltage voltmeter. In the first place, it 
takes direct current from the measuring point and thus 
cannot be used with a capacitive voltage divider. The 
resistance at the measuring point must be low, which 
also excludes the use of a voltage divider with high re- 
sistance. The return time, ie. the response when the 
voltage is falling, is very long and cannot be speeded up 
without sacrificing the accuracy of measurement. 


Certain circuit variations will eliminate the d.c. com- 
ponent and reduce the return time [2]. In comparison 
with these, the electronic variant presented here is rather 
more complicated and requires a power supply from the 
mains, but is, on the other hand, more accurate and has 
a considerably more rapid return [3]. It also permits 
the use of a precision instrument with low resistance and 
extra control instruments or recording devices. 


The principle can be seen from Fig. 1b. The actual 
measuring circuit is marked in solid lines and the return 
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circuit in broken lines. Disregarding the latter, operatic 
is as follows: In the input stage, the instantaneous vah 
of the measuring voltage is compared with the dire: 
voltage via the voltmeter V. Every tendency of tl 
former to become greater than the direct voltage resul 
in an output voltage which, after amplification, cause 
a charging current to flow to the capacitor C across th 
diode D. This causes the capacitor voltage to increase 
and with it the voltage across the voltmeter until a stat 
of balance is achieved in the input stage. Thus, the vol 
age of the voltmeter will take on the positive peak valu 
of the measuring voltage. 


The object of the return circuit is to discharge the capéz 
citor C when the peak value of the measuring voltag 
is lower than the voltmeter voltage. A sign of this is the 
the voltage in the point a stops pulsating. A peak rect 
fier with a relatively short time constant connected t 
this point normally provides an output voltage whic 
blocks the amplifier Az and prevents the discharge of ¢ 
across the diode D2. When the pulsations in a cease, th 
blocking voltage drops rapidly and C begins to be dis 
charged. Discharging ceases when the voltage has gon 
down to the instantaneous value of the measuring volt 
age, when a pulsation is obtained in a and the retur. 
circuit is again blocked. 


Fig. 2 shows an instrument without its mains suppl 
unit. It is reconnectible for a positive or negative pea 
value and for a mean value. The measuring error is les 
than 0.5 per cent (excluding the external voltage di 
vider) for the frequency range 35 ¢/s to 3 kc/s. Th 
response time both in the case of increasing and fallin 
measuring values is the same as for the indicating in 
strument alone (about 1 second). The input impedance 
at 50 c/s is about 10 MQ. 


CURVE-SHAPE INDICATOR 


As a rule, the peak value of the alternating voltage i 
regarded as being the decisive factor determining th 
test result. However, very little is known of the effec 
of the curve shape, for which reason, when carrying ov 
accurate tests, an attempt is made to arrive at small dev 
ations from the sinusoidal shape. 


To check the curve shape it is suitable to use an oscillc 
graph such as the curve-shape indicator described her 
On this, a recurrent pattern is obtained comprising on 
cycle of the test voltage. Stabilisation of the high voltag 
and the cathode current means that the focus and intens 
ty only have to be adjusted on rare occasions. In order t 
keep the picture height constant irrespective of variatior 
in the measuring voltage, use is made of a vertical ampl 
fier with automatic amplitude control in the input stag 
The height of the picture varies at most by 20 per cet 


a 


Equivalent diagram for b) Bridge for the elimina- 
the basic circuit in ac- tion of the diode capa- 
cordance with Fig. 2a citance 


Ideal diode 
Fig. 3. Peak voltmeter for impulse voltage. (Fr 712) 
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d) Impedance transforma- 
tion by means of a ca- 
thode follower 


Ca Diode capacitance 
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when the input voltage is changed in the ratio 1:50. 
Distortion in the indicator itself is, in this case, less than 
1 per cent. 


The indicator has been designed as a supplement to the 
previously described peak voltmeter and is intended to 
be connected in parallel with this. It has no control de- 
vices, but the focus and intensity can, if necessary, be 
adjusted with the aid of a screwdriver. 


PEAK VOLTMETER FOR IMPULSES 


There are two main problems when measuring the peak 
value of individual impulses. Firstly, the measuring de- 
vice must be sufficiently rapid in action so that it has 
time to react for the peak value before the amplitude of 
the impulse begins to fall off, and secondly, the value 
obtained must be held for a period which is very long 
when compared with the response time. The Swedish 
Standards for voltage tests, SEN 26-1950, prescribe for 
the measuring of a full wave a charging time of less than 
1 ps, but, in many cases, a considerably shorter time 
than this is desirable. 


Fig. 3a shows the basic diode circuit with reference taken 
to the deviations from the ideal diode properties. It is 
clear that the forward resistance of the diode along with 
the resistance in the measuring point determine the maxi- 
mum permitted charging capacitance. Practical values 
of 10-100 pF are obtained here. The diode capacitance 
which amounts to a few pF is, in comparison with this, 
not negligible, but gives rise to a fault voltage during the 
blocking interval. Further, if the charge is only to be 
reduced by about 1 per cent or so in about two seconds, 
a leakage resistance of the order of size of 10! Q, would 
be required, and this can hardly be arranged. 


The effect of the diode capacitance can be eliminated 
by means of a bridge connection as shown in Fig. 3b. 
By dividing up the charging capacitance in accordance 
with Fig. 3c, an “impedance transformation”’ is obtained, 
he result of which is that the leakage resistance required 
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a) Nominal duration of the front T, and time to half-value 
T, in accordance with Swedish Standard SEN 26-1950 
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dard SEN 26-1950 
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c) Measuring the duration of the front 
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Fig. 4. Measuring characteristic times for impulses. (Fr 713) 
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Fig. 5. Impulse-setting device in the form of a low-voltage 
model of a surge generator and impulse circuit. (52289) 


is lower, but then the output voltage is lower too. Finally, 
if a cathode follower is introduced in accordance with 
Fig. 3d, the capacitance can be successively raised with- 
out any noteworthy voltage loss. 


A combination of methods b-d is used in a new peak 
voltmeter which is now under development. The indi- 
cating instrument is driven by an electrometer amplifier, 
thus ensuring that the reading shown drops by a maxi- 
mum of 0.1 per cent per second. Peak values with a 
duration down to 0.3 ps are accurately measured. 


TIME MEASURING DEVICE FOR IMPULSES 


The Swedish Standards for voltage tests, SEN 26-1950, 
define the duration of wave front and time to half-value 
in the case of a full wave as shown in Fig. 4a. The defi- 
nitions of the time to voltage collapse and duration of 
the voltage collapse can be seen from Fig. 4b. The times 
as defined are suited to be extrapolated from the oscillo- 
grams. 


However, it is possible to measure the times directly in 
accordance with the definitions in the standards, pro- 


Fig. 6. Oscillograms showing 
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b) Normal 1/50 impulse with time 
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vided that the impulse amplitude is first determined b 
means of a previous impulse. By this means, the nece 
sary reference levels are obtained, in the case of dete 
mination of the duration of the front the 10 per cen! 
and 90 per cent levels, and for the time to half-value 
the 50 per cent level. . 


The time-measuring device described is intended to be 
used as an accessory to the peak voltmeter for impulses: 
The peak value which is measured with the aid of this 
is retained by means of a servo-set. The required refer- 
ence-level voltages are obtained from this direct voltage: 
which is applied to the time-measuring device, with the 
aid of potentiometers. 


At the moment when the amplitude of the incoming 
pulse passes through a certain level, the measuring 
sequence is started or interrupted by means of high- 
speed, flip-flop circuits. Thus, when determining the 
duration of the front, the sequence is started when the 
10 per cent level is passed and interrupted when the 
90 per cent level is reached. The measuring sequence 
consists of a linearly rising voltage, the final value of 
which is thus proportional to the period of connection, 
that is to say, to the time which is to be measured 
(Fig. 4c). 


As in the case of the peak voltmeter, an electrometer 
amplifier is used to retain the measured value for the 
time required. 


Other national standards have reference levels which 
deviate somewhat from those of the Swedish ones. Only 
minor adjustments need be made to the apparatus in 
order to suit it to these. 


IMPULSE-SETTING DEVICE 


This device is not strictly an electronic apparatus, but 
it has been included here since, from the points of view 
of design and operation, it is in the same class as the 
devices described above. 


In principle, the device consists of a low-voltage model 
of a surge generator and impulse circuit [4]. A relay 
with mercury-wetted contacts is used as the surge gen- 


c) Impulse current with ordinary 
linear single-time sweep 


ig. 7. Impulse-test oscillograph with the side plates removed 
he large coaxial terminal is for the measuring input and the 
mall one for tripping. (52286) 


rator. The setting parameters are so selected that they 
orrespond directly to conditions in the main circuit. 
‘hus, the capacitances and resistances in the surge gen- 
rator can, for example, be mimicked in various arrange- 
vents of the circuits. 


ig. 8. Simplified diagram for a zig-zag time sweep. Its func- 
‘on is described in the text. (Fr 714) 
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No further description is probably necessary over and 
above these introductory remarks. The appearance of 
the apparatus can be seen from Fig. 5. 


IMPULSE-TEST OSCILLOGRAPHS 


When carrying out impulse tests, especially when testing 
transformers, both the voltage and the current through 
the test objects are measured. In both cases, input volt- 
ages on the oscillographs of the same order of size are 
obtained with the aid of external voltage dividers and 
shunts. Thus, in principle, the same type of oscillograph 
can be used for beth tasks. 


However, for voltage indication it is advantageous to 
use a special time sweep which moves backwards and 
forwards (zig-zag sweep) in accordance with Fig. 6a, 
thus greatly increasing the dispersal along the time axis. 
The method is made possible by the characteristic shape 
of the impulse voltage, and results in oscillograms similar 
to that shown in Fig. 6b. On the other hand, it is un- 
suitable for current indication since a current oscillogram 
often has a very complicated appearance (Fig. 6c), and 
use is made here of an ordinary linear single-time sweep. 
If necessary, use is made instead of several oscillographs 
connected in parallel and having differing speeds of 
sweep. This type of oscillograph has been provided with 


Fig. 9. Impulse-test oscillograph with camera. (52285) 
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Fig. 10. Impulse test oscillagraph. The indicator unit with 
its operating panel. (52290) 


a variable trip delay, which allows of the detailed study 
of, for example, a chopped tail on an expanded time 
scale. 


Otherwise, the two types of oscillograph are similar. 
The cathode-ray tube works with a post-acceleration 
voltage of 20 kV, which allows of reproducable oscillo- 
grams at recording speeds of more than 1 m/ps. The 
high voltage is stabilised as are the other direct voltages. 


A good impulse-test oscillograph is required to reproduce 
satisfactorily impulses chopped at the front at times 
down to a few tenths of a microsecond. The greatest 
problem here is the disturbance level. In particular, the 
impulse current gives rise to considerable voltage drops 
in the earth system, which cause disturbances in the 
measuring and tripping cables as well as in the low- 
voltage supply network. Similarly, capacitance currents 
cause a voltage drop in the internal earthing system 
of the oscillograph. Steep field changes in the neigh- 
bourhood of the oscillograph also make considerable 
demands on the efficiency of the screening. 


Disturbances on the supply network are suppressed by 
means of isolating transformers with double electrostatic 
screens, and by means of low-pass filters at the supply- 
network entry. The cathode-ray tube is surrounded by 
a mu-metal screen, which is double at the neck of the 
tube and is provided with an intermediate copper screen. 
The entire input circuit is enclosed in an aluminium box 
which surrounds the neck of the tube opposite the termi- 
nals of the deflector plates. The measuring and tripping 
terminals are situated on the one end of the box, which 
serves as an earthing reference point for the entire oscil- 
lograph (Fig. 7). 


The measuring input is provided with a voltage divider 
rated at 1,000 © combined with a range selector. (For 
adaptation to the wave impedance of the measuring 
cable, use is made of an external parallel resistor which 
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can be screwed on.) The steps of the range select 


form a geometric series with the quotient 0.6. a 


same oscillogram amplitudes for setting and calibratia 
impulses at the 60 per cent level as for impulses at fu 
voltage, which facilitates comparison. The maximut 
input voltage is about 2.5 kV for full deflection, but th 
voltage divider can withstand twice this amount witho 
the slightest difficulty, and this fact contributes to rel 
bility in service. Very satisfactory -stability has be 
achieved by using wire-wound resistors. Low inductiy 
methods of winding allow of time constants of 0.015 mM 
or less. 


The tripping circuit has been so designed that the oscillo 
graph is tripped satisfactorily both by positive and nega 
tive impulses with amplitudes from 50 to 500 V, with 
out any reconnection or setting being required. The time 
lag is 0.1 ps. 


As has been mentioned above, for current indication, us 
is made of a linear single-time sweep. To achieve line 
arity, use is made of a positive feedback circuit via thi 
cathode follower (bootstrap sweep). A phase inverte 
provides an output voltage which is symmetrical t 
earth. The shortest sweep time is 0.5 ps and the longes 
2 ms. 


Fig. 8 shows a simplified circuit diagram for the zig-za; 
sweep (5). This can be regarded as a modified bootstray 
sweep where the return is also made linear by arrangin, 
the discharge via a pentode. The change-over in th 
end positions of the sweep is arranged by means of | 
flip-flop Ve6-V7, controlled from two pulse amplifier 
V4 and Vs. A special blocking tube V releases th 
sweep for a time corresponding to the set unblankin 
time. A phase inverter of the same type as is used it 
the single sweep (not included in the drawing) ensure 


Fig. 11. Stabilised direct-voltage devices designed as units ¢ 
plug-in type. (52629) 
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hat the output voltage is symmetrical and has an ampli- 
ude of about 550 V. The time between the turning 
ints of the sweep can be selected by means of a switch 
mabe 1, 2, or5 ps. 


The oscillographs for the impulse tests have been de- 
igned mechanically bearing in mind ease of operation 
nd maintenance (Figs. 9 and 10). The specially de- 
igned oscillograph camera [6] contributes to the ease 
f operation. It has a magazine which takes about 35 m 
f 35 mm film, shears and changeable cassettes as well 
is an observation hood which allows of simultaneous 
ybservation and exposure. 


MAINTENANCE AND RELIABILITY IN SERVICE 


Jnreliable measuring equipment can cause damage to 
he object being tested and give faulty results. Therefore, 
| requirement for the increased use of electronic aids is 
hat they should fulfil all reasonable demands for relia- 
ility in service and speed of maintenance. 


Phese demands are fulfilled in the apparatuses described, 
yy means of the use of high-class, carefully selected com- 
ponents with adequate margins as far as power and 
roltage are concerned. As far as possible, use is made 
f non-critical circuits, and thorough tests are carried out 
n the prototype stage (marginal tests). From the design 
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point of view, the demands made on reliability in service 
are satisfied by, amongst other things, the use of printed 
circuits. The life of most components falls off rapidly 
as temperature increases, for which reason cooling has 
been arranged with great care. 


Repairs and inspections can never be entirely avoided, 
for which reason the apparatuses have been designed with 
a view to rapid and easy servicing. One of the measures 
taken with this in view is the use of plug-in type units 
(Fig. 11). By the standardisation of such units, well 
thought-out building elements for use in small series of 
apparatuses have been obtained, where manufacture 
using only the basic elements would have been too costly. 
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LOOP REGULATION IN ROD AND STRIP MILLS 


Naldemar Bengtson, Rolling Mill Department, V dsteras 


"he Asea photo-electric angular co-ordinate locator was 
pecially designed with reference to the problems of 
egulation in rod and strip mills. However, it can also 
»e used as an indicator in many other situations where 
he position of an object radiating heat is to be deter- 
nined or regulated. It should therefore have a wide 
ange of application, especially in the iron and steel 
ndustry. 


‘or many years now, the requirements of Swedish 
od and strip mills have been very strict in respect 
f the tolerance limits of the rolled material. It was 
ealised at a very early stage that stretching of the 
naterial between the roll stands in continuous rolling 
nills had to be avoided if the tolerance limits were 
o be maintained along the entire rolled length. As 
ar as electrical driving equipment is concerned, this 
sd, in rod and strip mills, to the supplementing of the 
peed regulation of the motors by loop regulation. 


\s early as 1936, SKF took into service, at Hofors Bruk, 
-rod mill in which the speeds of the final stands were 
ontrolled by loops between the stands [Asea Journal 
6(1939):2-3, pp. 18-37]. The rods are stretched across 
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a roller in a compressed-air-operated loop-lifter to which 
a rheostat is connected. The device can be seen in Fig. 1. 
The rheostat is incorporated in the control circuit to 
correct the speed regulation of the roll motor for the 
following stand. At this time, for rapid regulation, 
Asea made use of ticking regulators which regulate 
the excitation of the motors by means of impulse ex- 
citers in such a way that a suitable loop is maintained 
between the stands. The outgoing speed of the rod is 
almost 20 m (65 ft) per second, and the original regu- 
lating equipment is still working completely satisfactorily 
after more than 20 years of service. 


Later, several similar regulating equipments were sup- 
plied for continuous rod mills. The same method of 
regulation has also been applied to continuous strip 
mills, for example, at Hagfors [Asea Journal 30(1957):4, 
pp. 51-64], where the six finishing stands are regulated 
by means of pneumatic loop-lifters, as can be seen 


from Fig. 2. 


In the continuous rod mill at Fagersta [Asea Journal 28 
(1955):10, pp. 143-156] Asea introduced automatic 
regulation of horizontal loops in repeaters. In this plant, 


Fig. 1. Pneumatically operated loop-lifter in a continuous 
rod mill built in 1936. Hofors Bruk, Sweden. (54514) 


the speed of the last eight roll motors is controlled by 
an equivalent number of loop regulators. The loop moves 
a vertical roller, as can be seen from Fig. 3. The roller 
is mechanically connected to a regulating resistor which 
introduces a voltage into the closed regulating circuit 
for the speed regulation of the motor. At Fagersta, the 
ticking high-speed regulator has been replaced by static 
transductor regulators which proved to be very reliable 
and, in addition, do not require any inspection and 
maintenance. During recent years, many rolling mills 
have been fitted with automatic loop regulation of the 
same type as at Fagersta and in all these works the 
transductor regulator has also been used since it has 
proved to be the most reliable and suitable regulating 
amplifier available. 


In the earlier installations, the position of the loop 
has always been transmitted to a potentiometer in the 
regulating circuit by means of a mechanical device. 
This method has certain disadvantages. In a mechanical 
device which has to work intensively it is difficult to 
avoid a certain amount of play, which, in cases such 
as these, may cause difficulties in the closed regulating 
circuit. The contact roller, which lies against the rod 
or strip, rotates extremely rapidly and the problem of 
providing adequate bearings is a difficult one. Further, 
when the roller becomes worn, it may cause undesirable 
marks in the material. The resistor itself has to be 
specially made in order to withstand the heavy duty 
since it has proved that rheostats of standard type have 
to be replaced far too often. 


For this reason, Asea have developed a position trans- 
mitter for the loop which works without any mechanical 
contact with the material and is therefore independent 
of the design of the rolling mill. The only condition 
is that the material should be visible and have a tem- 
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perature of at least about 300°C (570°F). This i 
because the transmitter is of photo-electric type an 


Fig. 4. 


A rotating mirror or lens is driven by a synchronot 
motor fed at supply frequency. This mirror reflects ths 
radiation from the hot material on to a photocell sensi 
tive to infra-red rays which thus emits impulses having 
a phase position dependent on the angle of incidence 
of the incoming radiation. The impulses are amplifiec 
and transmitted as ignition impulses to a thyratron re. 
gulator, the anode voltage of which is in phase witt 
the voltage supplied to the above-mentioned synchro- 
nous motor. Thus, the output voltage of the thyratror 
regulator is dependent on the position of the radiating 
loop and can therefore be used as a signal in the contro 
circuit for the speed regulation of the rolling-mill motors 
This voltage can also be fed to a voltmeter, giving < 


reading proportional to the loop position, enabling re- 
mote setting of the loop in a suitable position from ¢ 
control desk without seeing the rolling mill. 


Fig. 2. A loop-lifter in a continuous strip mill. Hagfors 
Jarnverk, Sweden. (47677) 


ig. 3. Horizontal repeater with built-in potentiometer resis- 
or for loop regulation. Fagersta Bruks AB, Sweden. (39086) 


a the equipment supplied hitherto, the thyratron ampli- 
ier has been designed as a separate unit intended to 
e placed in the control panel in the machine room. 
Inly the photocell part itself, the rotating mirror and 
he first amplifier stage are then placed out in the 
olling mill. The separate thyratron part can then 
asily be fitted into various types of control circuits 
vhich can be a considerable advantage if older rolling 
uills are to be fitted with loop regulation. However, 


ig. 4. Elementary diagram of the Asea loop regulator. 
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. Synchronous motor 
. Amplifier 


NEO) AW AGN EG} 


N SUS eB arr eee 91 


with the new components for electronic amplifiers which 
are now available it is possible that the final amplifier 
can be made so small that the entire apparatus can 
be fitted into a single unit. 


Since the loop-position transmitter works completely 
without contact with the material rolled, no special 
transmission devices such as loop tables or pneumatic 
loop-lifters are required between the stands. Instead of 
using a loop-lifter as shown in Fig. 1, the rod can be 
allowed to hang down between the stands as shown in 
Fig. 5. The photograph was taken in a continuous rod 
mill with six finishing stands all with hanging loops. 
After the rod has been transferred from one stand to 
the next, the bottom of the loop channel opens and the 
rod falls in a smooth loop without any mechanical inter- 
vention. The speed of the rod gives the loop a certain 
momentum which stabilises it as the rod moves from 
stand to stand. 


When there is a horizontal repeater, the loop indicator 
can be mounted as shown in Fig. 6. The repeater itself 
can be of entirely conventional type and the loop indi- 
cator therefore makes it an easy matter to introduce 
automatic operation into older rolling mills. 


In Swedish rod mills, it is usual to roll only one rod 
at a time, and the loop can then easily be set in a 
suitable intermediate position. However, the photo- 
electric angular co-ordinate locator can also be used in 
those works where two or more rods are rolled parallel 
to each other. However, for obvious reasons, only either 
the largest or the smallest loop can then be controlled. 
The advantage in the latter case is that the rod will 
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Fig. 5. Continuous rod mill with six stands. The position of 
the hanging rod loop is indicated by a photo-electric angular 
co-ordinate locator. Soc. Nazionale Cogne, Aosta, Italy. 
(54515) 


Fig. 6. Rolling rods in an 
alternating two-high rolling 
mill with horizontal loops. 
The photo-electric angular 
co-ordinate locators are 
mounted above the loops 
completely independent of 
the repeater tables. Soc. 
Nazionale Cogne, Aosta, 
Italy. (54516) 


never be stretched between the stands, but the lengtl 
of the external loops then depends on the grooves i 
the rolls, temperature etc. On the other hand, if t 

largest loop is controlled, it is impossible to preven 
the smallest loop from becoming so short in certair 


bearing in mind the regulating problems of rod 
strip mills. It is, however, suitable for use as an indi 
cator in many other situations where the position 0 
an object which is radiating heat is to be measured ot 
regulated. Such applications are, for example, the ac 
celeration and retardation of reversible hot rolling mill 
or the setting of the shearing length in hot shears. 
In addition, the position of cold objects can be indicated 
if they are placed against a background which is radiat- 
ing heat or light and which may consist of, for example 
a fluorescent tube or an electrically heated wire. Thus, 
the Asea photo-electric angular co-ordinate locator is 
an apparatus with many uses and it should have a 
wide range of application, especially in the iron and 
steel industry. 
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SEA ACTIVITIES 
YURING 1959 


1e Asea Annual Report for 1959 shows that turnover 
ntinued to increase during the year. At the end of the 


ar the number of employees in the Asea Concern was 
900. 


uring the year, a certain proportion of the shares in 
ree companies which were previously entirely owned 
r Asea was sold, with the result that Asea now owns 
ss than 50 per cent of the shares in AB Svenska Flakt- 
briken and in Svenska Turbin AB Ljungstrém (STAL), 
e Laval Ljungstrom Turbine Co.; on the other hand, 
sea retains the majority of shares in AB Skandinaviska 
verk. For further information on this subject please 
e Asea Journal 33(1960):1-2, p. 22. 


HE PARENT COMPANY 


s far as the activities of the Parent Company are con- 
ned, the following may be worth noting: 


4ildings and installations 


aff have started to move into the Melker office at 
asteras. The new extension to the Sigurd factory has 
en taken into use. The lengthening of the assembly 
ops in the Emaus factory in an easterly direction is 
mplete. In the Finnslatten area outside Vasteras, a 
rge factory has been started and it is intended con- 
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siderably to increase the manufacturing capacity for 
generators and other very heavy machines. Equipment 
is being installed in the new chemistry laboratory. A 
fifth storey has been added to the Arvid factory. At 
Ludvika, the new central heating plant, which also con- 
tains a 12,000 kW steam turbine belonging to Voxnans 
Kraft AB, is now in operation. The High-voltage Labo- 
ratory is being extended and an office building is being 
erected in conjunction with this work. 


Market conditions 


The recession which was noted during 1958 continued, 
as far as Asea were concerned, during the beginning of 
1959. However, by May, orders were up to the 1958 
level and later on in the year they considerably exceeded 
it so that there was, in fact, a considerable increase in 
the total of orders for the entire year. On the Swedish 
market, there was, almost throughout an increase in 
orders for industrial capital equipment. This was the 
case not least for mines and steelworks as well as for 
the cellulose and paper industries. On the other hand, 
there was a certain amount of restraint as far as invest- 
ments by power Dee and distributing companies 


Turnover. In order to eee comparison between the va- 
rious years, the turnover of those companies which were 
previously run on a commission basis have been subtracted 
from the turnover of the Parent Company. For the same 
reason, the turnover of the Laval Ljungstrom Turbine Co., 
AB Svenska Fliktfabriken and Asea Electric Ltd., London, 
has been subtracted from the turnover of the Concern. 


1200 


1100 


1000 


900 


800 
700 


600 


500 


400 


300 


Al 946 


(ete | The Parent Company 


20 


2) 


10 


(o) 


1948 WI HJ 


2 eal The Group 


= 


J 1947 


eS) 


1952 


EDS | 

| ae 6 

a a TTI Ty 
a SE 


1953 1954 1955 19S6n 057 1958 1959 


were concerned and these orders dropped somewhat 
below the 1958 level. The sales of stocked standard pro- 
ducts rose considerably during 1959. The rising tendency 


on the world market brought in its train a considerable 
increase in orders from outside Sweden. This increase 
was mainly in special industrial equipment but also in- 
cluded standard products. However, as was the case on 
the Swedish market too, the sales of power-station 
equipment fell off. In all, export orders made up 25 per 
cent, and export deliveries 27 per cent, of the total 
orders and deliveries of the Asea Concern. 


Technical development 


Characteristic features of design developments were 
attempts to attain greater functional adaptation and 
reliability in service, reduced maintenance and lower 
manufacturing costs. Attempts were made to achieve 
these objectives by means of advanced methods of cal- 
culation, including the use of digital and analogue com- 
puters, the thorough reviewing of designs, searching for 
new materials, and adapting the designs to the practical 
demands of workshops and factories. Thanks to the ex- 


perimental development of a new type of epoxy resin, 
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In conjunction with Asea 
de Laval Ljungstrom Tur 
bine Co. has completed tw 
remarkable orders for ther 
mal power stations belong 
ing to the Swedish Stat 
Power Board: a 150 MVz 
steam turbine installation a 
Stenungsund (upper illus 
tration) and a 40 MVA ga 
turbine installation at Vds 
tervik (lower illustration) 
In each case, the generator 
are hydrogen-cooled. 
(54850, 54851) 


a method has been introduced for the coil insulation o 
large rotating machines resulting in improved machin 
characteristics. New manufacturing methods for product 
of glass-fibre-reinforced plastic have been worked out 
Hydrogen-cooled turbo-generators have successfully bee: 
taken into service at the Vastervik gas-turbine plan 
and at the Stenungsund steam power station, both be 
longing to the Swedish State Power Board. The coolin 
devices are based on many years of experience of hydre 
gen-cooled synchronous condensers which the com 
pany has made for ratings up to 100 MVA per set. Ney 
traction motors have been designed, both for single 
phase alternating current and for rectified single-phas 
current, and silicon rectifiers have been installed on 

test locomotive for the Swedish State Railways. Durin 
1959 a new series of induction motors for the outpu 
range 150-1,500 h.p. and for voltages up to 6,600 ‘ 
has been put into production. New synthetic insulatin 
materials have been used in these motors, and_ sinc 
their fixing points have been moved from the stator 1 
the bearing end shields, the basic design can be varie 
merely by the addition of simple accessories. The ut 
conventional design of the motor is a result of co-ope 


aversible 360 ton-metre 
iving machinery in a twin- 
ive arrangement for the 
avy plate rolling mill 
pplied to Det Danske 
aalvalseweerk. Similar 
iving machinery has been 
wilt for Domnarfvets Jern- 
rk and Oxeldsunds Jérn- 
rks AB. (54854) 


ion between the Company’s electrical and industrial 
signers. 


ewly designed transformers with dry-type insulation, 
th hermetically sealed and open, have been ordered 
id supplied to a considerable extent during 1959. 


prototype of an 800 A, 100 kV ionic valve for the 
c. transmission system across the English Channel 
as been tested with very satisfactory results. The de- 
lopment of silicon rectifiers for large outputs has led 
» the type testing of a 200 A rectifier. Germanium and 
licon rectifiers have been introduced into various kinds 
' regulating equipment, with a resultant saving of 
yace and expenditure. In particular, mention can be 
ade of a rectifier with controlled valves which was 
ipplied to the Swedish Board of Telecommunications. 


. the new High-power Laboratory at Ludvika, short- 
rcuit tests with powers up to 2,500 MVA and voltages 
rer 100 kV have been carried out, which figures can 
> equalled by only a very few laboratories in the world. 
he rational planning of the laboratory and its very 
eat testing capacity have permitted the development 
' new and improved types of high-voltage circuit- 
‘eaker, thus enabling customers’ demands for greater 
‘eaking capacity to be met. 


“new series of contactors rated at 10-100 A, with 
ypropriate contactor starters, has gone into production 
iring 1959. Characteristic features of the series are the 
nall dimensions of the contactors and the accessibility 
all the vital parts. In the larger types, the live parts 
e carried in a new thermo-setting plastic with glass- 
sre reinforcement and particularly favourable dielectric 
1d mechanical properties. This insulation material was 
-veloped by Asea. The adoption of partially new manu- 
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facturing methods and the use of silver contacts and 
certain wearing parts of nylon makes these contactors 
suitable for the most exacting industrial tasks. 


The development of box girders continues for cranes and 
mine hoists. A new series of hoists has been designed 
with lower weights and smaller dimensions than previ- 
ously. By using a two-speed motor, the need for special 
crawling machinery has been obviated. 


The Asea high-vacuum melting furnaces commissioned 
in the U.S.A., the first of their kind in the world, 
represent a new and much appreciated technical aid in 
the manufacture of high-alloy special steel for various 
highly specialised uses. 


An improved type of pressductor for measuring roll 
pressures of thousands of tons has been designed. Its 
dimensions are extremely small and the electrical equip- 
ment very stable, rapid in action and free from voltage 
pulsations. A new ring torductor for measuring torque 
for use with shaft diameters up to 300 mm has also 
been produced. The Company’s activities in the elec- 
tronics field are expanding rapidly. Several electronic 
equipments for the controlling and automatisation of 
industrial processes have been brought out, digital me- 
thods being among those adopted. 


The digital computer has mainly been used for solving 
problems connected with atomic reactors and for the 
systematic calculation of alternative design solutions for 
new series of machines and transformers. The Com- 
pany’s analogue computer has been extended; it is used, 
amongst other things, for studying the running proper- 
ties of locomotives and rolling stock. The method de- 
veloped jointly by the Swedish State Railways and 
Asea for the continuous measuring of lateral rail forces 
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was worked out on the basis of these calculations, and 
was tried out in Switzerland, in 1959, under the aus- 
pices of an international railway research organisation; 
the results of these trials were very satisfactory. After 
about 2 years of thorough preparatory work, a pro- 
gramme has been drawn up for carrying out various 
routine office jobs by means of electronic data proces- 
sing machines. At the beginning of 1960, an installation 
of this kind of the largest type was ordered from Inter- 
national Business Machines Co. (IBM). It is to be in- 
stalled at Vasteras. 


Orders and deliveries 


The Power-engineering Department has obtained orders 
for five hydro-electric generators with a combined rating 
of 455 MVA, from the Swedish State Power Board, for 
three generators rated at 16.5 MVA each from Bjurfors 
AB, and two generators rated at 10 MVA each from 
Sydsvenska Kraft AB. Additional orders have been re- 
ceived from New Zealand for a generator for each of 
two power stations to which Asea have previously sup- 
plied generators. An order has been received from 
Australia for a complete power-station equipment with 
two sets, each rated at 30 MVA. The Swedish State 
Power Board has ordered eight single-phase transformers 
rated at 400 kV. An order has been obtained from South 
Africa for two large three-phase transformers rated at 
300 kV, and large orders for transformers have also 
been received from Australia, Poland and India. During 
the year, two 400 kV single-phase transformers rated 
at 333 MVA have been supplied to the Swedish State 
Power Board. The combined rating of the three-phase 
group will be 1,000 MVA, a new record for Asea which, 
as far as is known, has not been exceeded elsewhere 
in the world. In order to extend a 400 kV series-capa- 
citor battery, the Swedish State Power Board has order- 
ed capacitors for a combined rating of 53 MV Ar, and an 
order has been received from Italy for a 25 MV Ar series- 
capacitor installation. Export sales of high-voltage cir- 
cuit-breakers and over-voltage portection have been at 
a high level. Incoming orders for instrument transformers 
and capacitors for voltage measurement have increased. 
In Australia, the first large power-station in the Snowy 
Mountains, Tumut No. 1, with four Asea generators 
each rated at 84.2 MVA, has been commissioned. A 120 
MVA transformer supplied by Asea to Australia in 1959 
is the largest transformer in the southern hemisphere. 
Work on the d.c. transmission scheme for the English 
Channel is continuing, and recognised type-tests on the 
equipment have been carried out in the presence of the 
representatives of the British and French customers. 
New Asea distance-protection equipment for high-volt- 
age transmission lines has been purchased by customers 
in Sweden, New Zealand, South Africa and India. A 
modified design for use on electric railways has been 
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sold to British Railways. Remote-control equipments d 

signed with new operating and metering systems whi 
save channels have been sold to several power producit 
and distributing companies in Sweden and elsewher 


The Industrial Department has received important ordet 
for electrical equipment for large machines from pape 
and cellulose mills in Sweden and elsewhere. Order 
have been received for drives and automatic contre 
equipment for large high-speed printing presses fror 
newspapers in Sweden and other countries. Orders fror 
steelworks in Sweden, Finland and Belgium ensure 

continued increase in orders for electrical equipment fo 
rolling mills. The sales of pressductors for measurin 
roll pressure etc. have now taken on considerable pre 
portions and orders have been received from, amongs 
others, General Electric and Westinghouse in the U.S.A 
Orders for arc furnaces and induction stirrers have bee: 
received from Swedish customers and from Norway} 
Holland, Germany, U.S.A. and Japan. A 3,500 I 
(1,600 kg) high-frequency vacuum melting installatio: 
of the same type as has previously been supplied to th 
U.S.A. is to be supplied to a British customer. Order 
for mains-frequency furnaces include two 25 ton unit 
for heat holding and for the melting of cast iron, whic 
are the largest of their kind in the world. A large num 
ber of complete mine hoists has been sold to firms i 
Sweden, Finland, Italy, Britain and South Africa. Im 
portant orders for overhead cranes have been receive 
from Swedish steelworks, many of them for overhea 
cranes with a driver’s cabin providing better vision an 
operating possibilities than the older types did. A num 
ber of overhead travelling cranes has been fitted wit 
weighing devices built in accordance with the press 
ductor principle. The export of sugar centrifugals ha 
developed favourably, and orders have been receive 
from several European countries as well as, for example 
from Australia, Mexico and South Africa. The Swedis: 
Board of Telecommunications has ordered a considerabl 
number of standby power plants and SAS have ordere 
about 20 newly designed ground power sets for aircraf: 
Sales of lifts and escalators have continued to increas 
and orders for high-speed lifts have been. obtainec 
During the year, an agreement was reached with West 
inghouse in the U.S.A., and the latter company is placin 
its experience in the field of lifts at Asea’s disposa 


The Traction Department has received orders from th 
Swedish State Railways for complete electrical equir 
ments for six experimental locomotives with a rating c 
4,500 h.p. and a maximum speed of 120 km/h, and fe 
eight express locomotives with a rating of 3,600 hy 
and a maximum speed of 150 km/h. Nydqvist & Holt 
AB, Trollhattan, have ordered generators and tractio 
motors for 25 diesel-electric locomotives which are t 
be supplied to the Swedish State Railways. This latte 
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ganisation has also purchased from Asea seven type 
‘a locomotives each rated at 5,400 h.p., a four-coach 
sht-weight train set and a three-coach set for suburban 
affic in Stockholm. Three three-coach light-weight 
ain sets have been supplied to the Grangesberg-Oxelé- 
ind Railway. Further, in collaboration with AB Svenska 
nvagsverkstaderna, 32 coaches have been supplied to 
e Stockholm Underground Railways. 


he Nuclear-power Department. The detailed designing 
the R3/Adam project at Agesta, where Asea is the 
ain contractor, is continuing in collaboration with the 
istomer, AB Atomenergi. The Swedish State Power 
oard has reached agreement with AB Atomenergi to 
ie effect that the design work on the power-station 
actor R4/Eva is to be concentrated on the pressurised 
savy-water type, and Asea and Nydqvist & Holm AB 
ive been entrusted with this work. In competition with 
rms outside Sweden, an order has been obtained from 
B Atomenergi for a research reactor R2-0 for Studs- 
k. The production of sintered uranium oxide slugs for 
B Atomenergi has started and equipment for the small- 
ale manufacture of canned fuel elements has been ob- 
ined. The experimental plant at Kvarntorp for the 
roduction of heavy water has been installed and com- 
issioned in collaboration with AB Svenska Maskin- 
srken. In co-operation with a British manufacturer, the 
anning work has been started on the rock-vessel re- 
‘tor, which is similar to the British graphite-moderated 
pe, but has a considerably higher working pressure 
hich is made possible by locating it in solid rock with 
1e rock taking up the pressure, in accordance with an 
sea patent. A preliminary tender has been submitted 
r a complete installation having an electric output of 
30 MW. Asea and Nydqvist & Holm AB have, through 
le agency of a company, AB Reaktorteknik, which they 
wn in common, reached agreement with General Elec- 
ic Company in the U.S.A. on the combined develop- 
ent of a detailed plan for a Swedish reactor of boiling 
ater type. 


CTIVITIES OF THE MAIN SUBSIDIARY 
OMPANIES 

srahammars Bruks AB. Ore production in the com- 
yny’s own mines was on a smaller scale than in the 
evious year because of the reduced demand. Sales of 
g iron and chills from Spannarhyttan increased. Sales 
1d production at the steelworks in Surahammar in- 
eased. The new department for the manufacture of 
ain-oriented sheet steel at the steelworks at Sura- 
mmar was completed during the year. The running-in 
the strip mill has continued and production has 
arted. 


B Elektrohelios. The recession on the markets for 
sctric cookers and heaters during 1958 was followed 
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by an upward movement during 1959 and orders received 
by the end of the year were considerably more numerous 
than the previous year. Among new items introduced 
during the year mention can be made of a stainless-steel 
sink unit with a built-in electric cooker, compressor- 
driven refrigerators with three temperature zones, a 
250-litre deep-freeze, new refrigerators, smaller portable 
electric cookers, new electric hot plates, two new ther- 
mostat irons with light-alloy soles, a coffe-making ma- 
chine designed in accordance with entirely new principles 
for use in restaurants, cafés and snack-bars, and new 
equipment for grill rooms. Exports increased consider- 
ably. The company’s first foreign sales company has 
started its activities in Holland and has opened a modern 
salesroom in Rotterdam. Further, at the end of the year, 
a sales company was started in London. 


AB Elektromekano. Orders increased in relation to 1958, 
particularly for standard motors. The orders received 
for transformers include a 93 MVA, and a 60 MVA, 
unit for the Swedish State Power Board and two 75 
MVA, one 60 MVA, and five 42.5 MVA, units for ex- 
port. During the year, six 60 MVA, 130 kV transformers 
were exported, as well as other items. 


AB Liljeholmens Kabelfabrik. Turnover has increased. 
A new factory bay with an area of 3,600 m2 has been 
erected. Major orders for the year include two high- 
voltage cables for India — an 8,000 m, 240 kV oil-filled 
cable and a 15,000 m, 30 kV compound cable. The 
Swedish State Power Board has ordered a 425 kV cable 
installation for Messaure power-station. 


AB Asea Svetsmaskiner. Sales have increased through- 
out, the largest increase being on the export markets. 
Orders include equipment for the manufacture of heavy 
chain, three automatic welding machines of new type 
for the manufacture of light chain, about 15 flash weld- 
ing machines for welding boiler tubes, a large pressure 
welding machine for the manufacture of refrigerator 
components and about 50 sets of welding tongs. There 
has been a considerable demand for the new arc welding 
transformer. A new basic high-yield electrode on a 
zirconium base has been put on to the market. 


Subsidiary companies outside Sweden. The activities of 
these companies have, on the whole developed satis- 
factorily and the sales of products from Sweden have, 
in most cases, increased considerably above the 1958 
level. Orders have also increased for products manu- 
factured by the subsidiaries themselves. The extension 
of the transformer factory in Sao Paulo to twice its pre- 
vious capacity was practically concluded during the year. 
During 1959, Asea Electric Inc., New York, opened a 
branch office in San Francisco. For the time being, the 
company is no longer represented in Greece. 
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This map shows places where the ASEA Group itself operates or is represented by agents. Because of limited space, only the headquarters of subsidiaries a1 
representatives are shown. Through branch offices, and in other ways, ASEA is also represented in many other places. (Z 10692) 


THE ASEA GROUP THROUGHOUT THE WORLD 


ARGENTINA 

Compania SKF Argentina S.A. 
Buenos Aires. Calle Peri 545 
Mail: Casillo Correo 197 
Telegr.: Roulement 


AUSTRALIA 

ASEA Electric (Aust.) Pty. Ltd. 

Melbourne. ASEA House. 410-412, Lonsdale Street 
Mail: P.O. Box No. 786 F G.P.O, 

Telegr.: Aseaward. Tel.: JA 3121 


ASEA Electric (Aust.) Pty. Ltd. 

Sydney. ASEA House, Pacific Highway, 
St. Leonards 

Mail: P.O. Box 61. 
Telegr.: Aseage 


Crow’s Nest 


ASEA Electric (Aust.) Pty. Ltd. 

Brisbane. Sanders House. 116-124 Wickham Street 
The Valley 

Mail: Box 119. Broadway P.O. Telegr.: Aseabris 
Unbehaun & Johnstone Ltd. 

Adelaide. 54, North Terrace West 

Telegr.: Delville 


R. P. McInerney & Co. Pty. Ltd. 
Perth. 349, William Street 
Telegr.: Paulco 


AUSTRIA 

Osterreichische ASEA Elektrizitatsgesellschaft 
m.b.H. 

Vienna I. Strauchgasse 1 

Telegr.: Asea. Tel.: 63 62 15 


BELGIUM 

Société Belge d’Electricité ASEA 
Brussels. 30, Place Sainctelette 

Telegr.: Asea. Tel.: 26 49 75. Telex: 2524 


BRAZIL 

ASEA Eléctrica S.A. 

Sao Paulo, Rua Brigadeiro Tobias 356-7 

Works: Guarulhos S.P. Via Monteiro Lobato 3285 
Mail: Caixa Postal 7096, Sao Paulo 

Telegr.: Aseabras 


Companhia SKF do Brasil Rolamentos 

Rio de Janeiro. Av. Presidente Vargas 290 
Mail: Caixa Postal 1452 

Telegr.:; Roulement 


BRITISH EAST AFRICA 

The Old East African Trading Co., Ltd. 
Nairobi. Kenya. Philadelphia House 
Corner. Travin Road. Victoria St. 

Mail: P.O. Box 30013. Telegr.: Broche 


The Old East African Trading Company, Ltd. 
Mombasa, Kenya. 


Mail: P.O. Box 2010. Telegr.: Broche 


The Old East African Trading Company, Ltd. 
Kampala, Uganda 
Mail: P.O. Box 235. Telegr.: Broche 


The Old East African Trading Company, Ltd. 
Dar-es-Salaam, Tanganyika 


Mail: P.O. Box 173. Telegr.: Broche 


CANADA 

Canadian ASEA Electric Ltd. 
Montreal, Que. City Centre Bldg. 
1450 City Councillors St. 

Mail: P.O. Box 670, Station “B 
Telegr.: Asea. Tel. : Victor 9+ 936i 


Canadian ASEA Electric Ltd. 
Toronto 1, Ont. 6, Church Street 
Telegr.: Asea, Tel.: EMpire 6-7857 
Canadian ASEA Electric Ltd. 
Vancouver 1, British Columbia 
815, West Hastings Street 

Telegr.: Asea. Tel.: MUtual 3-7014 


Montreal 2 


CEYLON 
Vulcan Trading Co. Private Ltd. 
Colombo. 19, York Street 


CHILE 

Compania ASEA de Chile S.A. 
Santiago. Avenida Bulnes 157 
Mail: Casilla 2118 

Telegr.: Aseamotor 


CHINA 

Ekman & Co. AB 

Gothenburg C, Sweden, Stora Nygatan 29 
Tel.: 174580. Telex: 2353 


The Ekman Foreign Agencies (China) Ltd. 
Shanghai. 185, Yuen Ming Yuen Road 
Mail: P.O. Box 855. Telegr.: Ekmans 


The Ekman Foreign Agencies (China) Ltd. 
Hongkong. 9, Ice House St. 
Telegr.: Ekmans 


COLOMBIA 

Compania Sudamericana SKF 
Bogota. Avenida Caracas No. 15-08 
Air mail: Apartado 3733 

Ord. mail: Apartado 1595 


Telegr.: Roulement 


CUBA 

Compania SKF de Cuba 

Habana. Menocal 58. Mail: Apartado 2031 
Telegr.: Roulement 


CYPRUS 

Swedish Levant Trading Ltd. 
Nicosia. Tricoupi St. 98 
Telegr.: Skefko 


4, 
is 


IN} K 
ktricitets Aktieselskabet ASEA 
penhagen K. Bredgade 45 
legr.: Asea. Tel.: MI 4666. 
lex: 5820 


STERN GERMANY 

ls Wennardt AB 

thenburg, Sweden, Kungsgatan 15 
il: P.O. Box 2031 

legr. Niwab 


‘UADOR 

in Bohman & Co. 

ayaquil. Feo de P. Icaza 422-426 
vil: Casilla 1317. Telegr.: Boman 


rYPT 

e Delta Engineering Company SAE 
iro. 18, Emad-el-Dine Street 

iil: P.O. Box 439 

legr.: Erefpeco 


NLAND 

Y'ASEA AB 

Isingfors. Alexandersg. 21 

legr.: Asea. Tel.: Trunk call A 765, local call 12501 


ANCE 

SEA-HILLAIRET 

\. de Constructions Electro-Mécaniques 
ris (8€). 2, Rue Paul Cézanne 

ail: B.P. 739-08 

legr.: ASEA, Paris. Tel.: Balzac 31-60 


REAT BRITAIN 

ller Electric Ltd. 

ndon E. 17. Fulbourne Road 
legr.: Autosyncro, London 

1.: Larkswood 2350. Telex: 2-2342 


ILLAND 

‘oeneveld, van der Poll & Co’s 

sctrotechn. Fabriek N.V. 

nsterdam. Head off.: de Ruyterkade 41/43 
legr.: Groenpol. Tel.: 64474. Telex: 11177 
les office for ASEA products: 

chnisch Verkoopkantoor Groenpol 
nsterdam C. Prinsengracht 13-15 

ail: P.O. Box 1188, Amsterdam C 


ELAND 

han Rénning H/F 
ykjavik. 

ail: P.O. Box 883 

legr.: Rénning. Tel.: 4320 


DIA 

SEA Electric India, Private Ltd. 
mbay. Yaffi Bldg. Goa Street, Fort 
ail: P.O. Box 941 

legr.: Aseafilial. Tel.: 26 41 81 


SEA Electric India, Private Ltd. 
cutta. 4, Lyons Range 

ail: P.O. Box 194 

legr.: Aseafilial. Tel. 22 41 14 


SEA Electric India, Private Ltd. 
adras 1. Mercantile Bank Building 
, First Line Beach. 

ail: P.O. Box 123 

legr.: Aseafilial. Tel. 55544 


DONESIA 

jopman & Co. Techn. Handel Maatsch. N.V. 
nsterdam W. Stadhouderskade 6 

ail: PO. Box 6049 

legr.: Kjoebmand. Tel.: 82821. Telex: 11273 


port en Exportkantoor Koopman & Co. N.V. 
akarta. Djalan Nusantara 111 1A 
iil; P.O. Box 2169. Telegr.: Ieverka 


AN 

ust Pashm Panbeh Trading Co. 
heran, Ekbatan 100 

legr’: Ekbapashm 

l.: 39950 


IRAQ 

The Iraqi Swedish Co. Ltd. (ISCO) 
Baghdad. Mirjan Bldg., South Gate 
Mail: P.O. Box 273. Telegr.: Blubox 


IRELAND 

ASEA Electric (Ireland) Ltd. 
Dublin. 4 Mount Street Crescent 
Telegr.: Asea 


ISRAEL 

Jos. Muller, A & M Engineer Ltd. 
Haifa. 37, Haatzmauth Rd. 

Mail: P.O. Box 243 

Telegr.: Mullerson 


Jos. Muller, A & M Engineer Ltd. 
Tel Aviv. 8, Mikveh Israel 
Mail: P.O. Box 2099. Telegr.: Mullerson 


ITALY 

Soc. Italiana di Elettricita ASEA 
Milan. Via Generale Fara 39 
Telegr.:; Aseamil. Tel.: 661-747 


JAPAN 

Gadelius & Co. AB 

Stockholm. Eriksbergsgatan 1 A 
Telegr.: Knutsius. Tel.: 23 28 00 


Gadelius & Co. Ltd. 

Tokyo. 3-19, Denma-cho, Akasaka, 
Minato-ku 

Telegr.: Goticus 


Gadelius & Co. Ltd. 
Kobe. 67/2 Kyo-machi 
Ikuta-ku 

Telegr.: Goticus 


LEBANON 

H. Baladi & Fils 
Beirut. 

Mail: P.O. Box 432 
Telegr.: Baladfis 


MALAYA 

James Warren & Co. Ltd. 

Kuala Lumpur. 3 Clarke St. 

Mail: P.O. Box 288. Telegr.: Planstor 


MAURITIUS 

Mauritius Trading Company Ltd. 
Port-Louis. 

Mail: P.O. Box 201 

Telegr.: Agentou, Port-Louis 


MEXICO 

Compania SKF Golfo y Caribe, S.A. 
Mexico 3, D.F. 

Buenavista No. 3 

Mail: Apartado 98, Mexico 1], D.F. 
Telegr.: Roulement 


NEW ZEALAND 

ASEA Electric (N. Z.) Ltd. 
Wellington. Huddart Parker Bldg 
Telegr.: Asea 


ASEA Electric (N.Z.) Ltd. 
Auckland. 1304, Dominion Road, Mount Roskill 
Mail: P.O. 3239, C.P.O. 


NORWAY 

A/S Per Kure, Norsk Motor- og Dynamofabrik 
Oslo. Universitetsgaten 24 

Works: Hasle, Oslo : 
Telegr.: Kuremotor. Tel.: 41 58 10 Telex 1105 


PAKISTAN 

Danpak Limited 

Karachi. Adamjee Chambers McLeod Road 
Mail: P.O. Box 5109 

Telegr.: Danpaka. Tel.: 34257-32334 


PERU 

Compania ASEA del Pert S.A. 
Lima. Avenida Wilson 958 
Mail: Apartado 2982 

Telegr.: Aseamotor 
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PHILIPPINE ISLANDS 
Scandia Incorporated 


Manila. Ledesma Bldg. Sta. Lucia St., Intramuros 


Mail: P.O. Box 357 
Telegr.: Scandia. Tel.: 3-49-41 


POLAND 

ASEA 

Warsaw. Nowy Swiat 19 

Telegr.: Asea. Tel.: 692-35, 692-31 


PORTUGAL 

Jayme da Costa, Ltda. 

Lisbon. Rua dos Correeiros 14 
Telegr.: Jaycost. Tel.: 27035 


Jayme da Costa, Ltda. 
Oporto. Praca da Batalha 12 
Telegr.: Jaycost. Tel.: 22813 


SOUTH AFRICA 

Reunert & Lenz Ltd. 

Johannesburg. Reunert House. 10 Anderson St 
Mail: P.O. Box 92. Telegr.: Rockdrill 

Tel.: 35-5201, 33-0561 


ASEA Electric South Africa (Pty.) Ltd 
Pretoria. 1, Buitekant Street 

Mail: P.O. Box 691 

Telegr.: Lectroasea 


SPAIN 

Soc. Espafiola de Electricidad ASEA 
Madrid. Av. José Antonio 70 
Mail: Apartado 483 

Telegr.: Asea. Tel.: 47 61 02 


Soc. Espafiola de Electricidad ASEA 
Barcelona 10. Av. José Antonio 674 
Mail: Apartado 1213 

Telegr.: Asea. Tel.: 31 22 09 


Soc. Espafiola de Electricidad ASEA 
Bilbao. Calle Henao 2 
Telegr.: Asea. Tel.; 13099 


SYRIA 

H. Baladi & Fils 

Aleppo. 240, Al Walid Street 
Mail: P.O. Box 556 

Telegr.: Baladfils 


H. Baladi & Fils 
Damascus. Mail: P.O. Box. 527 


THAILAND 

The East Asiatic Company Limited 
2, Holbergsgade 

Copenhagen K, Denmark 


Telegr.: Planning & Projects Dept: 
Plandep 
Machinery Dept: Mandarin 


TURKEY 

SKF Bileli Rulmanlari Tiirk Limitet Sirketi 
Harbiye-Istanbul. Vali Konagi Caddesi 8/1 
Mail: P.O. Box 51-Sisli 

Telegr.: Eskaef. Tel.: 47 42 38 


URUGUAY 

Compania Sudamericana SKF 
Montevideo. Calle Cerro Largo 1089 
Mail: Casilla 134. Telegr.: Roulement 


USA 

ASEA Electric, Inc. 

New York 36, N.Y. 500 Fifth Avenue 
Telegr.: Aroseli. Tel.: Lackawanna 4-7970 


WESTERN GERMANY 

Luth & Rosén Elektrizitats-G.m.b.H. 
Frankfurt/Main. Holzhausenstrasse 14 
Telegr.: Getriebemotor. Tel.: 59 12 27 


VENEZUELA 

Agencias Industriales Cia Anénima (AICA) 
Caracas. Palma A Miracielos No. 51 

Mail: Apartado 2022. Telegr.: Aica 


(54258) 
NEWS IN BRIEF 


EIGHT-ROPE FRICTION-DRIVE HOISTS FOR THE SOVIET UNION 


Asea have recently supplied the Soviet Union with, amongst other items, two 4 m 
(13 ft) friction-drive hoists with eight ropes each. The illustration shows one of 
these being assembled in one of the Asea factories at Vasteras. 


The hoists, which are designed for the double skip hoisting of a useful load of 50 
tons, a future hoisting speed of 14 m/s (45 ft/s) and a future depth of 1,300 m 
(4,300 ft), are probably the largest of their kind in the world. During the first stage 
of building, for a hoisting speed of 10 m/s (33 ft/s) and a depth of 950 m (3,100 ft), 
the motor output is 9,000 h.p. and in the final stage of development it will be 
12,000 h.p. Asea Reg. 632 
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